It has long been known that products of the typhoid bacillus induce a skin reaction. McKendrick (1) in 1923 carefully reviewed the early publications on the subject. In 1914 Gay (2) and his co-workers were able to demonstrate with the use of their so-called "typhoidin test" cutaneous manifestations, particularly in cases of recovery from typhoid fever irrespective of the antecedent date of the disease. The same reaction occurs only in relatively few instances in individuals who give no history of typhoid fever or typhoid vaccination. The original products of Gay were made in a manner similar to that used in the production of tuberculin and therefore contained many onknown substances which might greatly influence the results. Force and Stevens (3) improved the test by the use of an alcohol and ether dried typhoidin, precipitated from plain instead of from glycerol broth. By the use of this product Gay and Lamb (4) obtained improved results. However, considerable controversy has arisen as to the specificity of the test, since it was established by Nichols (5) that in individuals vaccinated against typhoid fever, 66 per cent reacted to paratyphoidin A and no more than 75 per cent to typhoidin. Nichols regarded a positive reaction as evidence of typhoid protein sensitization, which he thought was not synonymous with true disease immunity. Nichols and Hitchens (6) later concluded that several factors operate and should be considered in the interpretation of the results. In these they included allergy, toxicity, and non-specific factors such as personal idiosyncrasy. Similarly the work of Meyer and Christiansen (7) militated against the conclusion reached by Gay and his co-workers. Austrian and Bloomfield (8) also stated that normal persons and those who had had typhoid fever reacted in cutaneous tests with typhoidin; they, however, emphasized the value of the test when negative. Thompson (8) in 1921, applied three loopfuls of killed cultures to a clean and scarified area of the skin and noted that in a positive case there appeared to be continuance of the "red reaction" into the fourth day and commented on the possible value of the test for the detection of carriers.
positive reactions both in patients suffering from enteric fever and in chronic carriers. The test appeared to be highly specific. Early in convalescence the skin test became negative. Fleisher and Tierney (9) in 1926 used broth culture filtrates in 1 : 500 dilution and noted variability in the normal controls. In cases of the fever, the reaction was markedly diminished as compared with the weakly reacting normals or was negative. Early in the disease the reaction might be distinct, but later it became negative. Howell and Corrigan (10) also used broth culture filtrates and suggested that the reaction is allergic in nature, a positive reaction indicating immunity since those immunized or those with a history of typhoid fever, and those in the course of the disease tended to react positively in most instances; whereas only 40 per cent of other adults and 4 per cent of children gave a positive reaction.
In 1927 Ecker and Rimington (11) showed that synthetic medium culture illtrates of the aertrycke type of paratyphoid bacilli, concentrated in vacuo and dialyzed, when injected into the skin of normal (non-sensitized) rabbits produced a raised edematous and reddened area. After decomposition of a lead precipitate of the same filtrate material by means of (NH4)2 SO4 and dialysis, a marked reaction was also obtained by a similar injection, the wheal being about 1.5 cm. in diameter within 24 hours. The center was about 4 mm. in diameter, elevated and "white, and the surrounding areas was hyperemic. In about 4 days the central area became necrotic and the hyperemia subsided. The original filtrate (not inoculated, concentrated, or dialyzed) failed to give a reaction. The concentrated products gave certain color reactions which are usually associated with the presence of carbohydrates. Small quantities of nitrogen were also obtained (0.3 to 0.4 per cent). So far as we kuow this observation is the first one correlating bacterial carbohydrates with toxicity.
Up to 1928 the demonstration of skin reactivity with filtrates had been accomplished only by intracutaneous injections. Shwartzman (12) , however, in that year demonstrated a new phenomenon. He observed that following an intracutaneous injection of the filtrate (tryptic digest broth) of the typhoid bacillus an intravenous injection caused a hemorrhagic area to appear at the point of the original intracutaneous injection. He has produced the phenomenon with filtrates of a large number of organisms. The reactions were fully developed after 4 or 5 hours following the intravenous injection of the filtrate. This author was able to neutralize the filtrate to be used for the intravenous injection with the specific immune antityphoid serum.
In his early work Shwartzman used a tryptic digest broth but to avoid extraneous materials he later used growths on veal infusion agar, washing the organisms from the surface with 0.9 per cent saline. The centrifuged suspensions were then passed through Berkefeld "N" candles, but this filtrate gave very little reaction intracutaneously. He further noted that the filtrate was inactivated only by autoclaving. Dilutions as high as 1:48 when injected into the skin prepared it for the "Shwartzman phenomenon." Two months after the publication of Shwartz-man, Hanger, Jr., (13) reported that when animals showing a positive skin test to filtrates of B. lepisepticum received an intravenous injection of the filtrate, after several hours obliteration did not occur but an intensification of the local reaction was found, and the site of inoculation often showed blue discoloration with areas of petechial hemorrhages. In most instances, an extensive local necrosis occurred. The author stated that he has never observed the phenomenon except among rabbits naturally allergic or rendered allergic by a previous infection. The reaction was proportional to the allergy of the animal to the filtrate used and appeared to be non-specific. He further stated that it is rather obscure why the filtrate diluted in the blood is more destructive to endothelium than the same filtrate concentrated locally. The. intensified reaction described by Hanger appears to be the same type of reaction first described by Shwartzman. In a previous paper (same year) Hanger (13) showed that rabbits are often naturally allergic to filtrates of many gram negative bacteria but in this report no mention was made of the intensified (hemorrhagic) reaction.
In our work we have attempted to procure as pure products as possible in order to avoid extraneous materials which might introduce confusion. The method described by Ecker and Rhnington was used to produce the pure filtrates. We have studied the effect of heat and light on the production of a skin reaction with the concentrated filtrates; and the possibility of producing an immunity to these filtrates by various methods: (a) intravenously, (b) intravenously with massive doses of the concentrated filtrates and (c) intracutaneously. Attempts were made to study and to explain the mechanisms involved when the toxic filtrates are mixed with the homologous antisera and introduced into the skin. We watched carefully the cutaneous reactions obtained in the immunized animals. To determine whether or not specificity existed "crossing over" experiments were made in vivo. Experiments were also made to observe the effect of normal human and convalescent typhoid sera on the filtrates intracutaneously injected. Attempts were made to note the relation of the Shwartzman products to ours, and whether or not filtrates from enterococci would induce the Shwartzman phenomenon in animals prepared with filtrates of the colon-typhoid group of organisms. Incidentally all the sera of the immunized animals were examined for the presence of precipitins.
Method
Seven members of the colon-typhoid group of organisms, namely, 1 B. typhosns, 1 B. paratyphosns A, 2 B. paratyphosns (aertrycke type), 1 B. enteritidis, 1 B.
paratyphosus B. (Schottmiiller), and 1 B. coli were employed. The organisms were plated out and the smooth colonies--known to be the best producers of toxic filtrates (Ecker)--lsolated in all cases. They were then made to grow by repeated transplantations on the medium of Cahn-Bonner (See Ecker and Rimington, 1. c.). After five days of growth the pure cultures were centrifuged and passed through Berkefeld "N" candles. The bacteria-free filtrates were then concentrated in vacuo and dialyzed in collodion sacs against running distilled water until salt free with AgNO3.
Strict asepsis was observed. The concentrated and dialyzed filtrates were made isotonic with 0.9% NaCI and ampoule& The ampoules were then heated at 60°C. for one hour and tested for sterility.
As controls the same medium (to which no organisms were added) was filtered, concentrated, dialyzed, and made isotonic. As a further check the condensate and dialysate were treated in a like manner. Finally in a large series of our rabbits sterile 0.9% NaC1 was injected intracutaneously. The controls were negative in all cases.
The toxicity of the filtrates was determined by intravenous injections of rabbits. The typical picture described by Ecker and others was demonstrated. All the rabbits used weighed from 2000 to 3000 glns. The 17 animals used for immunization purposes were given injections over a period of ten weeks as follows:
(1) Intravenous injections with increasing doses of the dilute and concentrated filtrates starting with 0.3 of one cc. (dilute) and ending with 1.5 cc. of the concentrated filtrates.
(2) Intravenous injections with massive doses of the concentrated filtrate (4 injections of 5 cc. each over a period of 20 days).
(3) Intracutaneous injections of about 11 cc. given in 0.2 cc., doses totaling approximately 55 injections over a period of 10 weeks.
All the rabbits were bled by cardiac puncture, ll weeks after the beginning of the immunization. Prior to the puncture food was withheld for at least 24 hours so that clear sera for precipitin tests would be obtained.
Finally all the immunized animals were given intracutaneous injections of the homologous and heterologous filtrates.
Where attempts were made to neutralize the toxic filtrates by the homologous immune sera the mixtures were incubated for 2 hours prior to the intracutaneous injection.
All the animals used for the intracutaneous injections were depilated on both flanks with a mixture of barium sulphide, zinc oxide, and starch to avoid irritation. The animals in most cases were injected 24 hours after depilation.
EXPERIMENTAL (I) Effect of Heat and Light on the Filtrates.--The filtrates were
exposed to heat and ultraviolet light to observe whether or not their toxicity was diminished. The size and character of the wheals were noted and tabulated. The results of the experiments are given in Table I .
From this table it is seen that in all cases the controls were positive, the wheals varying in size in different animals. It wiU be further 
Immunization (1) Size and Character of Wheal before, during, and after Immuniza-
t/on.--During immunization, by the intracutaneous method, the size and type of the wheals were carefully determined. It was observed that there was a definite decrease in size and character (less red) of the wheals. Originally they measured from two to three cm. in diameter, showing a deep red, edematous area, but as time went on the. areas decreased in size until following the final injection (10th) the size of the wheals had diminished to from 5 to 7 ram. in diameter. However, it was also noted that whereas the wheal at first appeared fiat, edematous and red, it now became nodular, definitely showing an indurative character. In one animal a row of seven nodules (7 injections of 0.2 of one cc. each, the 6th intracutaneous injection) persisted for over one week. Animals that received massive doses of the concentrated filtrates by vein also showed a similar indurative reaction, when they received, after immunization, the homologous filtrates intracutaneously.
In spite of the fact that 2 to 3 ce. of the original filtrate (dilute) caused death of a large number of normal animals, it was found that immunized animals could tolerate massive doses (5 ce.) of the concentrated and dialyzed filtrate. This is interesting since 5 ce. of the concentrated filtrate represent 50 cc. of the original filtrate.
(2) Preclpitin Content of Sera.--AU the sera have been tested for their precipitin content by the ring method in Hektoen tubes. As antigen we used both the concentrated and the original dilute filtrate. On testing the sera from animals that received the filtrate intracutaneously no precipitins were demonstrated.
The sera of animals that received the filtrates by vein in increasing and finally in massive doses all showed precipitating qualities in varying degrees. The strongest reactions were found in the sera of animals that received the filtrate from the typhoid bacillus and from the B. paratyphosus aertrycke, type "de Nobele." The other five sera gave moderate but definite rings with the dilute filtrates.
The sera obtained from animals that received massive doses of filtrates from the typhoid bacillus, aertrycke 185, and B. paratyphosus A. gave the most marked precipitin reactions. In all cases a three plus reaction was obtained when using both the dilute and the concentrated filtrates as antigen. All the tubes were given at least 20 hours at room temperature before a final reading was taken, and in no instance did salt solution cause a ring to be formed.
(3) Neutralization of Toxic Filtrates by Normal Human, Convalescent
Typhoid and Rabbit Sera.IWe secured three sera from human typhoid eases. Of these one (A) was from a convalescent 5 weeks after the onset of the disease; the second (B), and the third (C) were from cases that gave a negative Widal but from which the organisms had been obtained. The serum from (B) was obtained 4 weeks after the onset of the disease and from (C) during the first week.
Two methods of neutralization were attempted: First, increasing mounts of the sera mixed with our dilute and concentrated filtrates (typhoid) were injected intracutaneously, and second, the sera alone were injected into the skin and 24 hours later, the filtrates into the same areas. Each serum was tested on one animal. In all cases we were unable to demonstrate a neutralization of the toxic effect. The wheals were larger than the controls, deeper red and hard. There was a definitely, indurated area. We injected in these instances the antigen (antibody complexes) into the skin.
Using the same method but now with six normal human sera (two obtained from cases of hypertension) we found that in all cases, except one, the reactions were of the same size and color as the controls. In the one normal serum which gave no reactions with ~e filtrate we demonstrated agghitinins in a dilution of 1:64, whereas the others were all less than 1: 15.
As a further control a rabbit antityphoid serum from which a serum titer 1/640 was obtained and 4 other normal rabbit sera were tested by the two methods just mentioned. The immune serum definitely increased the size of the wheals when injected with its homologous filtrates and the areas were red, (raised and indurated). When the normal rabbit sera were individually mixed with each of the seven filtrates, we observed definite areas but of a different character than that of the immune rabbit serum causing wheals which were red, fiat and edematous, with no induration. It is therefore to be assumed that during the course of the immunization with a whole typhoid culture of the animal, we have also sensitized the animal to the bacterial products. Further studies along this line will be published at a later date.
(4) Effect of the Anti-Filtrate Sera on the Filtrates.--Seventeen
anti-filtrate sera were employed. Of these seven were prepared by intravenous injections of increasing doses, three by intravenous injections of massive doses, and seven by intracutaneous injections of the concentrated filtrates. All the sera were inactivated at 55°C. for 20 minutes. The sera were mixed with the homologous filtrates in equal portions and incubated for two hours at 37°C. The mixtures of sera and homologous filtrates were injected intracutaneously into a series of rabbits. The results were as follows:
(A) The sera from the animals that received increasing doses of the filtrate intravenously mixed with the concentrated filtrates caused raised indurated and reddened areas.
(I3) The three sera obtained from animals that received massive doses mixed intravenously with the concentrated filtrates and injected caused the appearance of red, edematous and indurated wheals.
(C) The sera from the intracutaneously treated rabbits mixed with the filtrates caused slightly edematous, red areas but no indurations were noted. (These sera had no precipitins.)
Two of these animals (from A) were then given 5 cc. of the concentrated filtrates (B. coli and B. paratyphosus aertrycke) by vein to produce a Shwartzman reaction. In four to five hours after the injection of the filtrate a marked hemorrhagic, blue-black area appeared at the point of former injections. Table III . From this table it is apparent that the filtrate from B. paratyphosus Schottmtiller type has failed to produce a reaction. This is probably due to the fact that only 3 cc. were given by vein or possibly to variability of the animal. When five cc. were used, the reaction appeared in all cases. The other filtrates have caused more or less severe reactions, the homologous areas being often markedly hemorrhagic. The experiment shows that although the homologous filtrates usually causes a typical Shwartzman reaction to appear, heterologous filtrates of the same group will also in some cases produce the phenomenon. We were primarily interested in comparing our filtrates with those of Dr. Shwartzman, who kindly sent us some of his B. typhosus filtrates. To test the relationship we injected into the skin of two animals, 0.2 of one cc. of Shwartzman's typhoid filtrate and 0.2 of one cc. of our own typhoid filtrate. After a period of 24 hours, our filtrate showed a definite red wheal; whereas Shwartzman's filtrate showed only a pale pink area. One animal was now given 5 cc. of the Shwartzman product and the other, 5 cc. of our filtrate. All four of the intracutaneous reactions had changed character within 5 hours. The area now appeared hemorrhagic, measuring 10 x 10 mm. in diameter. It seems therefore since his product has the capacity to prepare the skin for our product and, vice versa, our filtrate prepares the skin for his product, that we are without a doubt dealing with the same factor or factors. The only difference between the two is that with our own filtrates we always obtain a red, edematous reaction with the intracutaneous injection. This we now know is due to concentration of the filtrates.
As controls we gave the second injection subcutaneously but no hemorrhagic areas developed.
Similarly 'broth culture filtrates from three serologicaUy different types of enterococci of Welch (15) were injected intravenously into a series of three animals whose skin had been prepared by all our seven filtrates. No hemorrhagic areas developed, definitely demonstrating at least a group specificity. Broth alone or saline containing 1 per cent nucleic acid were also injected into prepared animals with negative results.
DISCUSSION
Considerable controversy has arisen as to the value of skin tests in the course of typhoid fever. The methods of preparation of the reacting agents have been many and varied, and the mechanism involved little understood. In most instances filtrates of complex media cultures were employed, rather than suspensions of the organisms or fractions thereof. It must be assumed that during the course of the disease and probably also in the carrier state bacterial allergy exists, and little is known concerning the development and persistence of allergic state in this disease. That the reactions may be allergic is not a new conception.
In the present study we paid careful attention to the production of a bacterial colloid, free from all possible extraneous materials. We showed that with the concentrated synthetic medium culture filtrates of Ecker and Rimington, erythema and edema can be readily produced in the rabbit's skin; while the original, unconcentrated filtrate, rarely produces an inflammation. Immunization experiments by the intracutaneous and the intravenous route definitely demonstrated a reduction in the reaction but obliteration was not noted and at the same time an indurative reaction was observed. The mechanism therefore is one of antigen-antibody reaction in the tissues, yet this has not produced a hemorrhagic area as in the case of the "Shwartzman phenomenon" when the antigen is introduced by two different routes, (skin and vein). Indurations were also seen when the sera of convalescent typhoid patients were introduced into the skin together with the filtrate. Whether or not the original reaction with the concentrated filtrate is also due to an allergic state is difficult to say but it is a known fact that gram negative bacilli of this group are constant inhabitants of the gastrointestinal canal and this may explain the appearance of the reaction.
We have succeeded in producing the "Shwartzman phenomenon" with our concentrated filtrates, thus confirming these observations with a highly purified product. The reactions were further obtained in animals whose skin was prepared by Shwartzman's filtrate and by our own filtrate and vice versa, indicating that we must be dealing with the same reacting products. The Shwartzman reaction also occurred in animals in which the skin preparation was made by the intracutaneous injection of filtrate and antiserum, that is, at the site of an inflammatory process on the skin, a hemorrhagic area would appear if followed by an intravenous injection of the filtrate alone.
A single injection of the filtrate and its homologous antiserum never produced a hemorrhagic area. The reason that an intravenous injection of the filtrate is necessary for the production of the reaction is difficult to explain. Subcutaneous injection of the filtrate failed to produce the phenomenon. Filtrates of cultures of organisms of the same group will produce the reaction; whereas filtrates from non-related organisms (enterococci) failed to react in animals whose skins were prepared by filtrates of all the members of the colon-typhoid group.
The products used by us were relatively thermostabile but did not withstand autoclaving for 15 minutes at 15 lbs. pressure, neither did they withstand 30 minutes exposure to ultraviolet light.
Ecker and Rimington have reported on the chemical nature of these products and similar findings were also obtained by Branham (16) and others.
SUMMARY AND CONCLUSIONS
The observations of Ecker and P~nington on the production of skin reactions with synthetic medium culture filtrates (concentrated and dialyzed) of organisms belonging to the colon-typhoid group have been confirmed and extended.
The filtrates show a marked degree of thermostability and marked resistance to ultraviolet radiation.
Intravenous injections of the filtrates stimulate the production of precipitins. No precipitins are produced in the sera of rabbits that receive intracutaneous injections only.
At no time during the course of immunization was the skin reaction obliterated. An indurative process was noted at the site of injection (skin) during the course of immunization. Mixtures of the filtrates with their homologous antisera, obtained from animals immunized by the intravenous route, and injected into skin, also failed to obliterate the erythema and edema.
The observations of Shwartzman have been confirmed; the Shwartz-man phenomenon appears to be group or species specific. Filtrates from enterococci failed to produce the phenomenon.
Filtrates ot other unrelated organisms have not been studied.
The products of Shwartzman and of Ecker and Rimington appear to be the same.
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